. This situation remained unchanged until simple pretreatments were abandoned and more bone-specific fractions were isolated. The ideal solution is to use accelerator mass spectrometer 14C dating, which facilitates the use of milligram-sized amounts of highly purified compounds-an approach impossible to pursue using conventional 14C decay-counting methods.
OBJECTIVES
Our principal objective was to determine how bone 14C dates could be made more accurate. Our goal was to improve sample pretreatment chemistry and use TAMS technology to date milligram-sized, highly purified bone constituents. The research was part of a larger study that used stable and 14C isotopes from fossil bones for chronologic, paleoenvironmental, and paleoecologic determinations Stafford et al, 1985) .
A secondary objective was to date several bones of unknown age that exhibited a wide range of preservation. The unknown-age fossils provided additional data on the range of ages that would be obtained from various chemical fractions. The accuracy of dates on these bones could be evaluated by knowing whether or not the same fraction dated accurately from the known-age mammoths.
anic carbon (bone apatite carbonate) or organic carbon (bone protein) for 4C dating.
The first bone 14C dates were on total carbon from naturally burned (Arnold & Libby, 1951) and unburned bone (de Vries, 1959) . 14C dates on organic fractions used the HC1-insoluble residue from artificially pyrolyzed bone (May, 1955) and later that residue treated with NaOH (Vogel & Waterbolk, 1963) . Bone protein (approximately collagen) was extracted by HC1 decalcification (Munnich, 1957; Olsson, 1959; Berger, Homey & Libby, 1964; Krueger, 1965; Tamers & Pearson, 1965) , with a chelating agent such as EDTA (Berger, Homey & Libby, 1964; Olsson et al, 1974; El-Daoushy, Olsson & Oro, 1978) or rarely with H2SO4 (Sato et al, 1969) . Decalcification of bone yields a "weak-acid insoluble residue" that was often contaminated with humates (Vogel & Waterbolk, 1963) . Methods to remove humic and fulvic acids from collagen include either NaOH treatment (Berger & Libby, 1966; Haynes, 1 967a) or conversion of the collagen to gelatin (Sinex & Farris, 1959; Longin, 1971) . The use of both NaOHleaching of collagen and gelatin extraction was introduced by Protsch (1975) . The most rigorous methods for isolating organic carbon fractions are the chromatographic extraction of total collagen-derived amino acids (Ho, Marcus & Berger, 1969) and the isolation of individual amino acids as hydroxyproline and proline (Wand, 1981; Stafford et al, 1982; Gillespie & Hedges, 1983; Gillespie, Hedges & Wand, 1984) .
Inorganic carbon from fossil bone has been isolated by either acid hydrolysis of untreated bone (Olsson, 1959) or from bone pretreated with acetic acid (Haynes, 1968) or triammonium acetate (Hassan, Termine & Haynes, 1977) , two reagents that are used to remove secondary carbonate contamination. Additional techniques for preparing bone carbonate include sequential HC1 hydrolysis (Haynes, 1968; Hassan, Termine & Haynes, 1977; Sullivan & Krueger, 1981) and differential thermal release of CO2 (Haas & Banewicz, 1980) . Many of the inaccurate ages on fossil bone were due to the chemical heterogeneity of the dated fractions. The acid-insoluble residues retain humate contamination that is not removed by any of the described methods. Fortunately, the organic phase is amenable to chemical processing that is specific to the isolation of humates and specific peptides and amino acids. In contrast, inorganic carbon in fossil bones can exchange with environmental carbonate (Hassan, Termine & Haynes, 1977) and it is uncertain whether or not pretreatment methods yield an uncontaminated carbonate phase (Sullivan & Krueger, 1981; Schoeninger & DeNiro, 1982; Haas & Banewicz, 1980) . Because no mechanisms are currently known for bone proteins to exchange carbon after burial, we emphasized the dating of the bone's organic phases, which were considered to have the greatest potential for purification and retention of their original 14C integrity.
The following experiments evaluate the efficacy of bone dating by accelerator mass spectrometry. We Fifty-eight 14C dates were determined on fractions from 11 fossil bone specimens. Thirteen dates were made on charcoal, shell, or pedogenic carbonates that were associated with fossil bones. Three known-age mammoth bones from Clovis-culture archaeologic sites were initially dated to determine which of several possible fractions would be most reliable for bone 14C dating.
Bone samples of unknown age were chosen for dating because they represented fossils with a range of geologic ages, preservation, and depositional environments. The charcoal and shell samples were dated because they were relevant to interpreting the accuracy of uranium series ages (Bischoff & Rosenbauer, 1981) and 14C dates (Bada et al, 1984) on human bone from the Del Mar Man site.
The three known-age bones were all mammoth (Mammuthus sp) specimens that were from Clovis Indian mammoth-kill sites that date between 11,000 and 11,500 yr BP (Haynes, 1982 
Target Preparation
After isolation of the desired organic fraction, the sample was combusted to CO2, which was reduced over magnesium to amorphous carbon. One to 2mg carbon was fused with iron powder to form an iron carbide bead that is mounted into a sample wheel for accelerator dating (Dull, Donahue & Zabel, 1983) . The purity of CO2 was increased by combusting the sample with 2g CuO powder that contained 1 Owt % Ag powder. The oxidant was prepared by mixing Ago powder with CuO powder that had been combusted for lhr at 800°C. The AgO/CuO powder mixture was finally fired at 600°C for l hr. The CO2 gas from one sample, AA-312C, was converted directly to graphitic carbon using the methods and Vogel et al (1984) .
Radiocarbon Measurement
The 14C/13C ratios were measured by TAMS at the University of Arizona. Sample carbon was converted to Fe-C targets according to Jull, Donahue and Zabel (1983) . The targets were mounted in a 6-position target wheel, which was placed into the cesium-sputter ion source. (Taylor, 1969; Lahren & Bonnichsen, 1974) . One skull fragment was coated with hematite, from 3-to-5-yr-old adolescent. Second sample was bleached-white calvarium.
AA-313A. Wilsall (Anzick) 8690 ± 310 Hematite stained, 3-to-5-yr-old adolescent calvaria. Comment: weak-HC1 insoluble collagen dated. Target C-1036.
AA-313B. Wilsall (Anzick)
10,500 ± 400 Hematite stained, 3-to-5-yr-old adolescent calvaria. Comment: gelatin fraction from collagen used for AA-313A. Target C-1037. Childers (1974; (Bischoff et al, 1976) probably antedates burial. Caliche-coated cobbles and boulders for cairn were taken from older (Pleistocene) deposits. Caliche 3 to 6mm thick and 25mm across that adhered to bone was '4C-dated to 21,500 ± 1000 (GX-2674) (Bischoff et al, 1976 (Taylor, 1983 (Orr,1974; Broecker, Kulp & Tucek, 1956 Mehl (1966) . Mammoth was excavated 1962 at Paleo-Indian Domebo site (34Cd-50), ca 4km E of Stecker, Caddo Co, Oklahoma (NE 1 /4, SWI/4, SE1/4, sec 29, T6N, RIOW). For site report, see Leonhardy (1966) . Bone was used as known-age fossil for calibrating bone sample preparations. Mammoth dates 11,000 to 11,500 yr BP by assoc with Clovis culture artifacts (Haynes, 1982 (Haynes, , 1984 .14C dates on assoc wood are 11,045 ± 647 (Leonhardy & Anderson, 1966) 
